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Summary.-Experimental evidence supporting the postulated analogy between
myelin basic protein and a previously described common tumour specific antigen is
summarized under antigenic cross-reactivity, subcellular localization, molecular
size, basicity and proteolipid nature. A third protein antigen, present in all tissues,
also shows strong similarities in all these respects.
SINCE the original observations that
the lymphocytes of all but a few (excep-
tional) patients with cancer are sensitized
to the basic protein of myelin (MBP) and
that an extract of any malignant tumour
made by an analogous procedure was an
equally effective antigen inthe macrophage
electrophoretic migration (MEM) test,
attention has been directed to full
chemical characterization of the antigen
of malignant tumours (Field and Caspary,
1970; Pritchard et at., 1972, 1973; Caspary
and Field, 1965, 1971; Carnegie, Caspary
and Field, 1972). The universal occur-
rence ofthis antigen in surgically removed
and post mortem carcinoma and sarcoma
specimens has been emphasized (Caspary,
1972) and its restriction, in vivo, to
malignant neoplasias was inferred in the
first paper of this series (Dickinson,
Caspary and Field, 1973). At least in
tumour cell linles and leukaemias, the
antigen appears to reside mainly on the
external surface of the plasma membrane
(Dickinson et al., 1972).
There is but one example of a protein
antigen of human provenance and known
structure which is implicated (however
uncertainly) in a human disease process,
namely MBP (Carnegie, 1971). The cross-
reactivity oflymphocyte populations from
patienits witlh degenerative neurological
disease or with cancer towards MBP or
tumour antigen or an antigen similarly
derived from normal tissue, coupled with
the analogous subeellular localization of
these antigens (Dickinson et al., 1970) and
the cross-species reactivity, led Caspary
and Field to postulate that the tumour
antigen is a protein closely homologous to
MBP and that the cell sensitizing property
resides in a short peptide sequence: this
hypothesis may be extended to include the
normal tissue antigen. Some further
physicochemical similarities between these
3 materials are described in this paper;
their immunochemical similarity has also
been investigated further (McDermott,
Caspary and Dickinson, 1974).
AIATERIALS AND METHODS
Specimens of human tumours were ob-
tained at surgery or post mortem, and of
normal tissues at post mortem, and com-
prised histologically confirmed carcinomata
of vagina, cervix uteri, breast, and a carcino-
matous mass in omentum, various formalin
fixed carcinomata which were pooled for
extraction purposes (Pools 1-5) and a grossly
enlarged spleen from a patient with chronic
lymphocytic leukaemia; also normal livers,
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Chronic myeloblastic leukaemialeucocytes
were obtained following therapeutic leuka-
pheresis as saline washed and snap frozen
packed cells.
Chloroform: methanol extractability.-The
basic method for crude antigen extraction has
been described fully (Dickinson et al., 1973)
and comprises graded acid extraction of
frozen dried and chloroform: methanol de-
fatted, washed tissue homogenates. This
basic procedure has been modified for specific
purposes.
The work of Adams (1972) on extraction
of protein(s) of ca 16,000 daltons from mem-
brane fractions of normal tissues (acid
extractable membrane protein, AEMP) and
from tumour has been repeated. The water
washed (18,000 g max, 30 min twice) tissue
homogenate pellets were either frozen dried
and extracted with chloroform: methanol
(2: 1 by volume CM), or the wet pellets
were directly extracted with 7 volumes
chloroform: methanol (1: 1 volume). After
filtration, the CM extracts were taken to
dryness in a rotary film evaporator, being
finallydried byadditionoftoluene : methanol
(5: 1 by vol) and azeotropic distillation
under reduced pressure. The oily residues
were dissolved in diethyl ether and allowed
to stand at 4°C 'vernight. The resultant
precipitate was collected by centrifugation
and washed thoroughly with ether before
extraction for 2 h at 4TC with 0-01 mol/l
hydrochloric acid (pH ca 2.5). The clarified
extracts were dialysed and lyophilized. The
CM insoluble tissue residues were acid
extracted as usual.
Salt extractability.-Chronic myeloblastic
leukaemia cells were extracted with 3 mol/l
potassium chloride buffered at pH 7-2
exactly according to Gutterman et al. (1972).
Ion exchange chromatography.-Carboxy-
methyl cellulose (Whatman CM 52) equili-
brated with 0-2 mol/l sodium acetate adjusted
to pH 6-0 with acetic acid was used as ion
exchange substrate. Extracts were loaded
at 0-5-5-0 mg/ml bed volume, and washed
through with 2 column volumes of the same
buffer, followed by a linear sodium ion
gradient of one column volume each of
starting buffer and 1-0 mol/l sodium acetate
adjusted to pH 6-0 with acetic acid. Residual
protein on the column was eluted with
0.2 mol/l NaOH. Fractions absorbing at
280 nm were pooled, dialysed exhaustively
against water and lyophilized.
Preparative gel electrophoresis.-Polyacryl-
amide gels (12% w/v), with ethylene dimetha-
crylate (0.5% w/v) as cross linker in place of
the usual methylene bis-acrylamide, were
prepared for electrophoresis in phenol:
formic acid: water (14: 3: 3 w/v/v) as
described by Mehl (1968). Extracts (ca 1 mg
per slot) in this solvent, and with 50 ,ug of
cytochrome c added to each as marker, were
applied to pairs of sample slots; rat myelin
with cytochrome c was used as an additional
marker in parallel slots. Electrophoresis was
conducted at ca 30 v/cm of gel for 6 h or at
10 v/cm for 24 h. After overnight soaking in
glacial acetic acid and rinsing with distilled
water, the gel was divided so that one ofeach
pair of sample slots and the parallel myelin
slots could be stained with amido black
(naphthalene black 12B). The other sample
strips were soaked in 7% acetic acid. After
reforming the gel, the unstained strips were
divided to separate the potentially stainable
bands and each piece solubilized in ca 1 ml
concentrated ammonia overnight at room
temperature. The dissolved gel pieces were
dialysed exhaustively against water and then
against 0-2 mol/l sodium acetate, pH 6-0,
before addition of a small volume of CM-52
equilibrated with the same buffer. The
polyacrylamide was washed away with
several large volumes of the same buffer and
then the absorbed basic proteins eluted with
a small volume of 1-0 mol/l sodium acetate,
pH 6-0. The eluates were dialysed exhaust-
ively against water, lyophilized and assayed
for antigenic activity.
Assay of antigenicity.-The macrophage
electrophoretic migration test, used through-
out, was discussed in the first paper of this
series (Dickinson et al., 1973) and has been
fully described elsewhere (Field and Caspary,
1970; Carnegie et al., 1973; Pritchard et al.,
1972, 1973). Only lymphocytes from
patients with clinically proven malignancy
were used as sensitized cells.
RESULTS
Assay of antigenic activity
During the course ofthe investigations
described in this and further papers in
preparation (A Common Tumour Specific
Antigen, Parts III-V) 3 preparations only
have been used as reference antigen in the
macrophage electrophoretic migrationA COMMON TUMOUR SPECIFIC ANTIGEN
assay, viz. an acid extract of a carcinoma
cervix uteri and active fragments derived
from HeLa and from chronic lymphocytic
leukaemic leucocytes by digestion with
proteolytic enzyme. Lymphocytes from
patients with demonstrated, but pro tem,
untreated malignancy have been used.
The slowings obtained using the standard
0.5 x 106 lymphocytes per test and a
standard dose of reference antigen ranged
from 1241 to 16-9% and had mean and
standard deviation 15-0 ± 1.1%.
Actual results recorded in these papers
are given as relative slowings, i.e. the
slowing given by the test antigen referred
to the slowing given by the reference
antigen, as 100, tested on the same day
withthesamelymphocyteand macrophage
preparations. It must be borne in mind
that the relative slowings, which in many
instances were shown by limited titration
data to represent maximal plateau values,
are, except when otherwise stated, indi-
cative only ofthe qualitative presence and
nature of the antigen (Carnegie et al.,
1973; Dickinson et al., 1973). Discussion
of some quantitative aspects of this work
is in preparation (Part IV of this series).
It should also be borne in mind that a
relative slowing (RS) of less than 30
indicates complete absence of antigenic
activity; that a plateau RS in the range
50-75 indicates the presence of normal
tissue antigen; and a plateau RS in the
range 85-110 indicates the presence of
tumour antigen (or tumour antigen plus
normal tissue antigen-the slowings are
not additive).
Proteolipids
Normal liver and term placenta were
processed as described, to give CM (2: 1)
extracts. Acid extraction of the con-
siderable precipitates obtained on ether
treatment followed by dialysis and lyo-
philization ofthe extracts yielded material
which possessed normal tissue type anti-
genic activity (Table I).
Leukaemic spleen was treated simi-
larly; Pool 3 was dried for 3 days atca 10-3
Torr, and the thoroughly dried tissue
homogenate divided and extracted with
CM or with chloroform: methanol: water
(38: 19 : 3). Very little ether insoluble
material was obtained and even less acid
extract thereof: However, even this
material had tumour-like activity (Table
I). Pools 4 and 5 were extracted by
suspending the washed tissue homogenate
pellets in sufficient 1 1 chloroform
methanol to obtain a single liquid phase,
and stirring for several hours before
filtration. The CM extracts and insoluble
residues were processed as described.
The disparity in yield of CM soluble acid
TABLE I.-Comparison of Extracts of Chloroform-Methanol Soluble and Insoluble
Parts of Normal and Malignant Tissue
CM soluble
Source
Normal tissue
Liver
Placenta
Tumours
Leukaemic spleen
Pool 3
Pool 3t
Pool 4
Pool 5
Yield
(mg/g)
0 5
0-026
0 03
0 002
0 002
0 032
0 002
Dose tested
(mg)
100
250
0 3
10
01
10
CM insoluble
Yield Dose tested
(mg/g) (ug) RS*
70 2 - 5 250
60 3 0 100
99 0-8
98 0-2 0- 4
104 0-23
94 0 63
1
0-1
0-1
10
0-1
69
66
98
83
100
101
96
* RS, Relative slowing. Ranges: 85-110 indicates tumour type activity: 50-75 indicates normal tissue
type activity: less than 30 indicates absence ofactivity. Active material of both tumour and normal tissue
type is found in both CM soluble and insoluble fractions of tissue.
t This part of the preparation was extracted with chloroform : methanol : water 38 : 19: 3.
33
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extract between these 2 preparations,
which were handled essentially identically
is to be noted (Table I), though the
CM soluble and insoluble portions both
still yielded tumour-like activity in acid
extracts.
Extraction ofleucocytes from a patient
with chronic myeloid leukaemia with
3 mol/l potassium chloride, pH 7 2, exactly
as prescribed by Gutterman et al. (1972)
yielded an extract containing tumour-type
antigenicity: tested at the equivalent of
106 cells a relative slowing of99 was found,
compared with a relative slowing of 104
given by 106 whole cells as antigen.
However, titration of activity suggests
that extraction is far from quantitative
(yield ca 10%).
Basic nature of antigens
Acid extracts of CM soluble and
insoluble portions of normal tissues and
tumours were fractionated on CM-cellulose
by a linear sodium ion gradient at pH 6 0.
The patterns of elution of 280 nm absorb-
ing material were quantitatively but not
qualitatively different; onesuchseparation
is shown in Fig. 1. The groups of peaks
were pooled for testing for activity: in
every case antigenic activity was found
(Table II) only in a fraction eluting in
ca 0 3-0 4 mol/l sodium ion (measured in
the eluted fractions by flame photomnetry
courtesy ofMr G. Pendleton, Institute of
Pathology, Newcastle General Hospital).
-Molecular mass
Previous studies (Carnegie et al., 1972;
Adams, 1972) had tentatively associated
the activities of tumour and normal tissue
antigens with proteins ofmolecular masses
ca 16,000-17,000 daltons, using gel filtra-
tion followed by gel electrophoresis in the
strongly dissociating phenol : formicacid:
water system. The characterization of
the antigens as proteins, probably simple
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FIG.1. Chromatography of acid extracts on carboxymethyl cellulose (CM-52). Column-25 x 1 cm.
Sample 180 mg of Pool 4 acicl extract applie(d in 2 ml starting buffer. Fractions (3-2 ml) were
samplecl for estimation of sodiuim ion concentration ((lashed line), pooled as indicated by the bars'
below the horizontal axis, anld dialyse(d and lyophilizecd before testing at doses equivalent to the
indicated amount of acid extract; the relative sloxNvings observe(d are also indicate?d.
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TABLE II.-Carboxymethyl Cellulose Fractions of Acid Extracts: Elution of
Activity by a Sodium Ion Gradient
Fraction
, - K \~~~~~~
Type of extract
CM sol.
Normal tissue CM insol.
I ,,
9,,
ecm sol.
Tumour tissue{CM sol.
CM insol.
Acidic and neutral
Source dose (Mg) RS
Placenta 50- 5
Lung 100-15
Placenta 100-11
Placenta 100- 6
Pools (1 + 2) 100-10
Pool 4 20-10
Pool* 10- 1
Leukaemic spleen 100-11
Basic
(0-25-0- 45 mol/I
Na)-dose (ug)-RS
50- 60
100- 69
10- 67
10- 53
0-01- 95
2-100
10- 95
0-1- 99
* This was a pool of acid extracts from tumours of vagina, cervix uteri, breast and a mass in omentum;
each of these had been shown individually to have tumour type activity.
RS, relative slowing.
NT, not tested.
TABLE III.-Relative Slowings* Given by Materials Recoveredfrom Preparative
Polyacrylamide Gels-Estimation of Molecular Mass of Antigens
Molecular mass of antigenic
Material Fraction material (daltons)
Type Source Run no. 1 2 3 4 5 6 7 8 9 10 Individual run Best estimate
CaBP rPool-4 1 13 7 95 6 -15 L 16600±10001
CM- .( .-16200±1150
insol. Pool-2 2 3 11 L -98- 28 3 15850±550 J
CaBP rPool-4
CM- Leukaemic
sol. I spleen
NTA Liver
CM-
insol. LPlacenta
1 12 5 7 101
2 5 23 32 94 61 16 5
4 -10- 17700±400
-17400+ 700
17100±600J
1 13 4 69 -19- 16300±700]
-16700± 800
2 -14- 18 66 34 -14- 17100±500J
L, lost in processing.
* Each fraction or pool of fractions tested at the equivalent of 100 jig of the original acid extracted
material.
proteins (Dickinson and Caspary, 1973 in
preparation) gives credence to this associa-
tion. However, it is clear that in the case
of the tumour antigen, and probably also
in the case of the normal tissue antigen,
the absolute amount ofprotein involved is
so small that it could not possibly have
been detected on a stained polyacrylamide
gel, and the major protein bands seen were
certainly not due to the antigenic protein.
In order to characterize the molecular mass
by electrophoresis, it was necessary to
recover the antigenic activity from the gel
and this was done as described. The
results of staining parts of the gel, and the
manner ofdividing up the unstained parts,
are shown schematically in Fig. 2 for one
particular run. The results of assay on the
recovered basic proteins (Table III) con-
firm that both normal tissue and tumour
type antigens associated with materials of
molecular mass ca 17,000 daltons.
DISCUSSION
Several points of similarity and some
differences between myelin basic protein
(MBP), an antigen apparently present in
all tissues (normal tissue *awtigen, NTA)
and an antigen restricted* in vivo to
malignant neoplasias (tumour antigen,
CaBP-Dickinson et al., 1973) are illus-
trated here. Each is a "small " protein,
NaOH eluate
dose (,ug)-RS
NT
NT
50- 7
100- 3
100-10
20- 3
10- 5
100- 9
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PREPARATIVE ELECTROPHORESIS OF ANTIGENS
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FIG. 2. Schematic representation of a preparative electrophoresis gel (Run 1, Table III) indicating
amido black stained bands and manner of dividing up unstained portion of gel. Cross hatching
indicates either staining (extracts of fixed material usually give smeared patterns) or the pieces of
gel containing the antigenic activities. Rc, mobility relative to cytochrome c which is added as a
marker to all samples and is visible in the unstained strips. A: acid extract of CM soluble material
of Pool 4 0-63 mg per slot; B: acid extract of CM insoluble material of Pool 4 0-68 mg per slot;
C: basic protein fraction of acid extract of CM soluble material from normal liver 0 73 mg per
slot.
falling in a fairly narrow range from
16-18,500 daltons. MBP, depending on
species, is ca 18,200, the characteristic and
non-cell sensitizing small basic protein of
rat myelin ca 14,000 and the molecular
masses of the other 2 antigens are now
shown to lie within the range 16-18,000
daltons, as judged by polyacrylamide gel
electrophoresis in a strongly dissociating
medium (Mehl, 1968; Adams and Fox,
1969).
Each antigen is a basic protein, readily
water soluble, at least in the impure state.
MBP has been characterized as being
strongly basic via its primary amino acid
sequence and the porcine protein is
eluted at ca 0 43 mol/l sodium ion con-
centration from CM-cellulose at pH 4 6
(Uyemura, Tobari and Hirano, 1970) and
the human, bovine and guinea-pig pro-
teins at ca 0-48 mol/l sodium ion at
pH 6 0 or 6-5 (J.P.D.-unpublished obser-
vations). The elution of NTA and CaBP
from CM-cellulose at ca 0 35 mol/l sodium
ion at pH 6-0 suggests thatthese materials,
while strongly basic, are not as extremely
basic as MBP. It might also be noted at
this point that the antigenic activities of
both tumour and normal tissue antigens,
like that of MBP, are stable to formalin
fixation (Koprowski and Jervis, 1948)
and to autoclaving (E.A.C.-unpublished
observations).
The paradox regarding the proteolipid
nature ofMBP is widely known but largely
ignored (Agrawal et al., 1972; Kies and
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Alvord, 1959a). Thus, many preparations
ofthis protein use the CMinsoluble portion
of whole brain, whilst MBP in isolated
myelin is virtually completely soluble in
CM (Gonzalez-Sastre, 1970; Eylar et al.,
1969). That some of the MBP of whole
brain is soluble in CM is evident from the
work of Lumsden, Robertson and Blight
(1966), and Lees ((1965) and Wolfgram
(1966) have described the effects of a
variety of factors on CM solubility of
brain proteins. The variable CM solu-
bility of the protein antigens, described
here, is strongly reminiscent ofthe myelin
protein observations; no explanation for
this variability can be offered unless the
highly variable triglyceride content of the
tumour bearing tissues has an influence,
or the marginal difference in molecular
mass (Table III), has physical signifi-
cance.
The solubilization of tumour specific
antigens with buffered 3 mol/l potassium
chloride (Meltzer et al., 1971; Gutterman
et al., 1972) was reminiscent of the
extraction of MBP from myelin by 5 or
10% neutral potassium chloride (Lumsden
et al., 1966; Joy and Finean, 1963;
Roboz and Henderson, 1959) and it
seemed appropriate to examine such an
extract for tumour type activity, which
was found. The poor yield of activity
parallels the low yield of other tumour
specific antigens and of MBP (Kies and
Alvord, 1959b) in such extracts. The
findings of Meltzer et al. (1971) that a
common tumour antigen is not present in
3 mol/l KCI extracts is not consistent with
the hypothesis, subscribed to here, of a
common antigen; the common antigen
would presumably have been present in
the extracts used by these workers.
However, the delayed cutaneous hyper-
sensitivity reaction and the release of
macrophage slowing factor (as opposed to
migration inhibition factor, MIF) are not
necessarily linked aspects of the total
immune response, as has been noted in
studies of other aspects of cellular im-
munity (Swanborg, 1969; Macfarland and
Heilman, 1966; Bergstrand, 1972; Spitler
et al., 1972; Bach et al., 1972; Hughes and
Paty, 1971).
The analogous subeellular localization
of MBP and CaBP has been notod pre-
viously, and on the basis that normal,
intact, but dead, lymphocytes and viable
normal cells mechanically dissociated from
foetal or adult tissue have the normal
tissue type antigenic activity patent on
their surfaces (Field et al., 1]972, 1973)
the NTA is likely also to be localized on the
external surface of the cell plasma mem-
brane. Thus, on the basis of subcellular
localization, antigenic cross-reactivity
(McDermott et al., 1974), molecular size,
basicity and proteolipid nature there are
strong similarities between these 3 protein
antigens. The following communications
will show further analogies, and it is not
beyond reason to suppose that the 3
proteins will show strong sequence homo-
logies in their primary structures.
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